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Verification of real-time polarization-controlled microwave reflectometry for
magnetic field vector profile measurement
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A novel polarization-controlled microwave reflectometry was proposed to
measure the internal magnetic field profiles of fusion core plasmas. A full wave calculation code
was developed and quantitative assessment for mode conversion was carried out on one- and two-
dimensional geometries. The control part to rotate the polarization angle was fabricated using
variable gain amEIifiers and phase shifters. The amplitude of two input waves for a dual polarized
antenna was quickly changed within 4 micro seconds, resulting in a control frequency of up to 100
kHz. In order to adjust the polarization angle with the magnetic field on the plasma surface, the
modified Cauchy Condition Surface method was employed to reconstruct the last closed flux surface
with high accuracy while large eddy current was induced on the vessel wall. These results showed
high feasibility for the proposed polarization-controlled microwave reflectometry.



ITER

JT-60SA

X
X-0

X

X-0

EO _ “ N k_X
ko

X kx

O

X

1/2 o

df

—expi (/ dz" (kx — k()))
€z 0

UTST

@
Collisional Cold Plasma

2
Whe

w(w + i)
I
w(w + 1wy + wee)

P=1+

Wpe wee V0

@

1| 7&nFEY

ARGAVTVT



2 GHz

®

20 — 40 GHz

UTST

@
X-0

0.2 -
(a) Analyti i ' i i '
0.15f
=
u
o
ur 01 ©— 20GHz
©— 24GHz
0.05 28GHz
|| —©—32GHz
© 36GHz
0.2 O 40GHz T T T T T
_015f
=
u
E0 01
0.05
0 (b) Full wave calc.
0.05 0.1 0.15 0.2 0.25 0.3 0.35

(a)

shear width [m]

(b)

UTST

20 — 40 GHz

Xx=02m
0.9

04

(a) X mode Electric field amplitude

¥ [m] IEx
0.05

0 01 02 03
x [m]

(b) O mode Electric field amplitude

03
x[m]

(a) X mode Electric field amplitude

[Ex|
160
120
80
40
0

0 0.1 02 03

x[m]
(b) O mode Electric field amplitude

|Eo]
60
50
40
30
20
10
0
0 0.1 0.2 0.

3

x [m]

(@ X b O

X 20 %

y>0 y<o



@

@
T
N

Single Slded Amp.

Phase difference [deg.]

(a)

2GHz

10

o

10GHz component

45 90
Polarization angle [deg.]

(a)
(b)

(b)

10 ps

(b)

100

kHz

®

Output [mV]

Phase [deg.]

o
=

e
(=]

UTST

2%

econstructed plasma boundary

-0.4

-0.5

Reconstructed plasma boundary (0% noise)
Reference plasma boundary

Reconstructed (0% noise)
Reference

02 03 04 05 06
r(m)

@
@
®



3
S. Kamio, M. Inomoto, K. Yamasaki, T.
Yamada, C. Z. Cheng, and Y. Ono,
“Magnetic island dynamics in magnetic
reconnection in UTST experiments”,
Physics of Plasmas, , 25, 2018.
012126.
DOI :10.1063/1.5006092
T. Ushiki, M. Inomoto, M. Itagaki,
“Reconstruction of plasma shape and
eddy current profile based on modified
cauchy condition surface method in
merging spherical tokamak”, Fusion
Engineering and Design, , 122,
2017, pp. 35-41.
DOI: 10.1016/.fusengdes.2017.09.012
K. Kondo, M. Inomoto, X. Guo, T.
Ushiki, T. Sugawara, T. Mihara, S.
Kamio, H. Tanabe, Y. Ono, “Separated
Double-Current Layers in a
High-Guide-Field Reconnection
Experiment”, Plasma and Fusion
Research, , 12,2017, 1202033.
DOI : 10.1585/pfr.12.1202033

7

Plasma Conference 2017, 2017.

T. Ushiki, M. Inomoto, M. Itagaki, S.
McNamara, “Plasma shape
reconstruction for merging spherical
tokamak based on modified CCS
method”, 59th Annual Meeting of the
American Physics Society, Division of
Plasma Physics, 2017.

T. Ushiki, M. Inomoto, M. Itagaki, S.
McNamara, “Plasma shape
reconstruction of merging spherical
tokamak in UTST device”, 19th
International Spherical Torus
Workshop, 2017.

M. Inomoto, K. Yamasaki, T. Ushiki, X.
Guo, S. Kamio, R. Yanai, T. Sugawara,
Y. Fukai, H. Yamanaka, R. Tamura,
“Formation of Closed Flux Surfaces in
Reconnection  Current Layer Dby
Accelerated Electrons during Merging
Start-up of Spherical Tokamak”, 26th
TAEA Fusion Energy Conference, 2016.

UTST
CCS

11
2016.

11

2016.
UTST
(NBI)
11
2016.
@
INOMOTO, Michiaki
©)
TOKUZAWA, Tokihiko
O

KAWAMORI, Eiichirou



